
J  
Europaisches  Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 9 9   7 2 2  

A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83304063.7 

@  Date  of  filing:  13.07.83 

©  int.  ci.3:  H  01  B  3 / 4 4  
H  01  B  11/18,  C  09  J  3 / 1 4  
H  01  B  13/00 

®  Priority:  19.07.82  US  399346  @  Applicant:  COMM/SCOPE  COMPANY 
Post  Office  Box  199 
Catawba  North  Carolina(US) 

©  Date  of  publication  of  application: 
01.02.84  Bulletin  84/5  ©  Inventor:  Gindrup,  Wayne  Laval 

1019  12th  Street  Drive,  S.W. 
©  Designated  Contracting  States:  Hickory  North  Carolina(US) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
©  Representative:  MacDougall,  Donald  Carmlchael  at  al, 

Messrs.  Cruikshank  &  Fairweather  19  Royal  Exchange 
Square 
Glasgow  G1  3AE,  Scotland(GB) 

©  Cable  with  adhesively  bonded  sheath. 
©  An  electrical  cable  comprising  a  core  having  at  least  one 
inner  conductor  surrounded  by  a  dielectric  material,  a 
metallic  sheath  surrounding  said  core,  and  an  adhesive 
bonding  said  metallic  sheath  to  said  core,  said  adhesive 
comprising  a  water  dispersible  copolymer  of  ethylene  and  an 
ethylenically  unsaturated  carboxylic  acid  forming  a  thin  film 
between  said  metallic  sheath  and  said  core. 

<  

(M 
M 
f> 

Oi 

O  

Q. 
LU 

Croydon  Printing  Company  Ltd. 

  An  electrical  cable  comprising  a  core  having  at  least  one 
inner  conductor  surrounded  by  a  dielectric  material,  a 
metallic  sheath  surrounding  said  core,  and  an  adhesive 
bonding  said  metallic  sheath  to  said  core,  said  adhesive 
comprising  a water dispersible  copolymer  of ethylene  and  an 
ethylenically  unsaturated  carboxylic  acid  forming  a  thin  film 
between  said  metallic  sheath  and  said  core. 



B a c k g r o u n d   of   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  c a b l e s   of   t h e   t y p e   w h i c h  

h a v e   a  c o r e   f o r m e d   of   one  or   more   c o n d u c t o r s   s u r r o u n d e d   b y  

a  d i e l e c t r i c   m a t e r i a l ,   s u c h   as  a  foam  p l a s t i c   m a t e r i a l ,  

and  w i t h   a  m e t a l l i c   s h e a t h   s u r r o u n d i n g   t h e   c o r e   and  s e r v i n g  

as  t h e   o u t e r   c o n d u c t o r   of  t h e   c a b l e .   C a b l e s   o f   t h i s   t y p e  

a r e   u s e d   in  t h e   t r a n s m i s s i o n   of   RF  s i g n a l s ,   s u c h   as  t e l e -  

v i s i o n   s i g n a l s ,   f o r   e x a m p l e .  

I t   h a s   b e e n   p r e v i o u s l y   r e c o g n i z e d   t h a t   f o r   c a b l e s   o f  

t h i s   t y p e   i t   i s   d e s i r a b l e   f o r   s e v e r a l   r e a s o n s   to   b o n d   t h e  

m e t a l l i c   s h e a t h   to   t h e   c o r e .   B o n d i n g   of   t h e   s h e a t h   to   t h e  

c o r e   p r e v e n t s   t h e   c o r e   f rom  p u l l i n g   b a c k   w i t h i n   t h e   s h e a t h ,  

and  b e n d i n g   and  s e a l s   t h e   c a b l e   a g a i n s t   p e n e t r a t i o n   o f  

m o i s t u r e .   The  foam  d i e l e c t r i c   u s e d   in  t h e   c o r e   of   t h e  

c a b l e   i s   d e s i r a b l y   f o r m e d   of  a  n o n p o l a r   m a t e r i a l ,   s u c h   a s  

p o l y e t h y l e n e   foam  f o r   e x a m p l e ,   so  as  to  a v o i d   a d v e r s e l y  

a f f e c t i n g   t h e   e l e c t r i c a l   p r o p e r t i e s   of  t h e   c a b l e .   H o w e v e r ,  
t h e   n o n p o l a r   n a t u r e   of  t h e   d i e l e c t r i c   makes   i t   d i f f i c u l t   t o  

a c h i e v e   a  good   bond   b e t w e e n   t h e   d i e l e c t r i c   and  t h e   m e t a l  

s h e a t h .   I t   ha s   a l s o   b e e n   p r e v i o u s l y   r e c o g n i z e d   t h a t   a  p a r -  

t i c u l a r l y   s u i t a b l e   c l a s s   of  a d h e s i v e   f o r   a c c o m p l i s h i n g  

b o n d i n g   of  t h e   m e t a l l i c   s h e a t h   to  t h e   foam  d i e l e c t r i c   o f  

t h e   c o r e   a r e   p o l a r   t h e r m o p l a s t i c   c o p o l y m e r s   of   e t h y l e n e   a n d  

an  e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d ,   and  in  p a r -  

t i c u l a r   e t h y l e n e   a c r y l i c   a c i d   c o p o l y m e r s .   For   e x a m p l e ,   t h e  

use   of  s u c h   a d h e s i v e s   in  c a b l e s   is   d i s c l o s e d   in  t h e  

f o l l o w i n g   U n i t e d   S t a t e s   p a t e n t s :  



B e c a u s e   of   t h e   t h e r m o p l a s t i c   n a t u r e   of  t h e   e t h y l e n e  

a c r y l i c   a c i d   c o p o l y m e r   a d h e s i v e ,   i t   i s   t y p i c a l l y   a p p l i e d   t o  

t h e   s u b s t r a t e   w i t h   h e a t i n g ,   e . g .   by  e x t r u s i o n   c o a t i n g   or   b y  

a p p l i c a t i o n   o f   t h e   a d h e s i v e   in  p o w d e r e d   fo rm  a c c o m p a n i e d   b y  

f u s i o n .   The  a d h e s i v e   l a y e r   i s   u s u a l l y   a b o u t   one   to   f i v e  

m i l s   in   t h i c k n e s s .  

The   p r e s e n t   i n v e n t i o n   i s   b a s e d   upon   t h e   r e c o g n i t i o n  

t h a t   t h e   p o l a r   n a t u r e   o f   t h e   e t h y l e n e   a c r y l i c   a c i d   c o p o - -  

l y m e r   a d h e s i v e   a d v e r s e l y   a f f e c t s   t h e   e l e c t r i c a l   c h a r a c -  

t e r i s t i c s   o f   t h e   c a b l e ,   and   f o r   t h i s   r e a s o n ,   as  w e l l   as  f o r  

r e d u c t i o n   in  m a t e r i a l   c o s t ,   i t  i s   d e s i r a b l e   to   make  t h e  

a d h e s i v e   l a y e r   as  t h i n   as  p o s s i b l e .   H o w e v e r ,   w i t h   t h e   c o n -  

v e n t i o n a l   m e t h o d s   of   a p p l i c a t i o n   n o t e d   a b o v e   t h e r e   i s   a  

l i m i t a t i o n   to   how  t h i n   t h e   a d h e s i v e   can   be  a p p l i e d .  

A c c o r d i n g l y ,   one   o f   t h e   o b j e c t i v e s   of   t h e   p r e s e n t   i n v e n t i o n  

i s   to   p r o v i d e   a  m e t h o d   f o r   p r o d u c i n g   c a b l e   w i t h   a  m e t a l l i c  

s h e a t h   b o n d e d   to   t h e   c o r e   and  w h e r e i n   t h e   a d h e s i v e   can   b e  

a p p l i e d   in   a  t h i n n e r   l a y e r   t h a n   h e r e t o f o r e   p o s s i b l e .   S t i l l  

a n o t h e r   o b j e c t i v e   of   t h e   i n v e n t i o n   i s   to  p r o v i d e   a  s u i t a b l e  

a d h e s i v e   f o r   b o n d i n g   t h e   c o r e   to  t h e   m e t a l l i c   s h e a t h  

w h e r e i n   t h e   a d h e s i v e   can   be  a p p l i e d   in  a  t h i n n e r   l a y e r   t h a n  

h e r e t o f o r e   p o s s i b l e .   A  r e l a t e d   o b j e c t i v e   is   to  p r o v i d e   a n  

i m p r o v e d   c a b l e   u t i l i z i n g   s u c h   an  a d h e s i v e .  

One  o f   t h e   p r o b l e m s   w h i c h   i s   e n c o u n t e r e d   in  a p p l y i n g  

t h e r m o p l a s t i c   e t h y l e n e   a c r y l i c   a c i d   c o p o l y m e r   a d h e s i v e s   b y  

t h e   c o n v e n t i o n a l   m e t h o d s   h e r e t o f o r e   a v a i l a b l e   is   t h a t   t h e  

h e a t   w h i c h   i s   n e c e s s a r y   f o r   a p p l i c a t i o n   of  t h e   a d h e s i v e  

a d v e r s e l y   a f f e c t s   t h e   t h e r m o p l a s t i c   foam  d i e l e c t r i c   of  t h e  

c o r e   and  t h u s   m a k e s   i t   d i f f i c u l t   or  i m p r a c t i c a l   to  a p p l y  



t h e   a d h e s i v e   d i r e c t l y   to  t h e   c o r e   c o m p o n e n t .   Fo r   e x a m p l e ,  

e x t r u s i o n   c o a t i n g   o f   t h e   a d h e s i v e   d i r e c t l y   o n t o   t h e   c o r e  

c o m p o n e n t   t e n d s   to  c o l l a p s e   t he   foam  d i e l e c t r i c   and  t h u s  

i m p a i r   i t s   e l e c t r i c a l   c h a r a c t e r i s t i c s .   C o n s e q u e n t l y ,   t h e  

u s u a l   p r a c t i c e   i s   to  a p p l y   t h e   a d h e s i v e   c o a t i n g   to  t h e  

m e t a l   f o i l   u s e d   f o r   f o r m i n g   t he   m e t a l l i c   s h e a t h ,   as  w i l l  

be  s e e n   f rom  t h e   p a t e n t s   c i t e d   a b o v e .   H o w e v e r ,   t h i s  

a p p r o a c h   d o e s   n o t   l e n d   i t s e l f   f o r   a p p l i c a t i o n   o f   t h e   a d h e -  

s i v e   to  c a b l e s   in  w h i c h   t h e   m e t a l l i c   s h e a t h   c o m p o n e n t   i s   o f  

an  e l e c t r i c a l l y   and  m e c h a n i c a l l y   c o n t i n u o u s   c o n s t r u c t i o n  

and  f o r m e d   f r o m   e x t r u d e d   s e a m l e s s   t u b i n g   o r   f r o m   l o n g i t u d i -  

n a l l y   w e l d e d   t u b i n g .  

Summary   of   t h e   I n v e n t i o n  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e s e  

p r o b l e m s   a r e   o v e r c o m e   by  p r o v i d i n g   a  c o p o l y m e r   of   e t h y l e n e  

and  an  e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d   w h i c h   c a n  

be  a p p l i e d   as  an  a q u e o u s   d i s p e r s i o n   to  f o r m   a  v e r y   t h i n  

f i l m   of   a d h e s i v e   f o r   b o n d i n g   the   m e t a l l i c   s h e a t h   to  t h e  

c o r e   c o m p o n e n t .   The  c o p o l y m e r   is   r e n d e r e d   w a t e r   d i s p e r -  

s i b l e   by  p a r t i a l l y   n e u t r a l i z i n g   t he   c a r b o x y l i c   a c i d ,   b u t  

w h i l e   l e a v i n g   s u f f i c i e n t   r e s i d u a l   c a r b o x y l i c   a c i d   f o r  

i m p a r t i n g   good   a d h e s i v e   p r o p e r t i e s   f o r   b o n d i n g   t h e   m e t a l l i c  

s h e a t h   and  t h e   c o r e .  

The  w a t e r   d i s p e r s i b l e   c o p o l y m e r   a d h e s i v e   may  be  u s e d  

a d v a n t a g e o u s l y   in  t h e   p r o d u c t i o n   of  c a b l e s   by  any  o f  

s e v e r a l   m e t h o d s .   A  p a r t i c u l a r l y   s u i t a b l e   m e t h o d   f o r  

f o r m i n g   c a b l e s   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n  

i n v o l v e s   f o r m i n g   t h e   c o r e   by  c o n t i n u o u s l y   e x t r u d i n g   a  

f o a m e d   d i e l e c t r i c   a r o u n d   one  or  more  c o n d u c t o r s ,   a n d  

d i r e c t i n g   t h e   t h u s   f o r m e d   c o r e   t h r o u g h   an  a d h e s i v e   b a t h  

c o n t a i n i n g   an  a q u e o u s   d i s p e r s i o n   of  a  c o p o l y m e r   of   e t h y l e n e  

and  an  e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d   to  form  a  

t h i n   a d h e s i v e   c o a t i n g   on  the   c o r e ,   and  t h e n   s u r r o u n d i n g   t h e  

c o r e   w i t h   a  m e t a l l i c   s h e a t h   and  h e a t i n g   t h e   a d h e s i v e  

c o a t i n g   to  e f f e c t   b o n d i n g   of  t he   c o r e   to  t h e   m e t a l l i c  

s h e a t h .   The  s u r r o u n d i n g   of  t he   c o r e   w i t h   t h e   m e t a l l i c  



s h e a t h   may  be  a c c o m p l i s h e d   by  f o r m i n g   a  m e t a l l i c   s t r i p  

a r o u n d   t h e   c o r e   and  l o n g i t u d i n a l l y   w e l d i n g   to  f o rm  a  c o n -  

t i n u o u s   t u b u l a r   s h e a t h .   A l t e r n a t i v e l y ,   a  s e a m l e s s   m e t a l l i c  

t u b e   o f   f i n i t e   l e n g t h   can   be  f o r m e d   by  e x t r u s i o n ,   and  t h e  

c o r e   may  be  d r a w n   l o n g i t u d i n a l l y   i n t o   t h e   s e a m l e s s   t u b e ,  

f o l l o w e d   by  s i n k i n g   o f   t h e   t u b e   o n t o   t h e   c o r e .   In  a n o t h e r  

m e t h o d   o f   c a b l e   m a n u f a c t u r e ,   t h e   a d h e s i v e   may  be  a p p l i e d   t o  

a  m e t a l   s t r i p   and  t h e   a d h e s i v e   c o a t e d   s t r i p   t h e r e a f t e r  

a p p l i e d   by  w r a p p i n g   a b o u t   t h e   c o r e .  

The  a d h e s i v e   p o l y m e r   w h i c h   is   u s e d   in  a c c o r d a n c e  

w i t h   t h e   p r e s e n t   i n v e n t i o n   i s   a  t h e r m o p l a s t i c   r a n d o m   c o p o -  

l y m e r   o f   e t h y l e n e   and  one  or   m o r e   e t h y l e n i c a l l y   u n s a t u r a t e d  

c a r b o x y l i c   a c i d s ,   w h i c h   p o l y m e r   h a s   b e e n   r e n d e r e d   w a t e r  

d i s p e r s i b l e   by  p a r t i a l   n e u t r a l i z a t i o n   of   t h e   c a r b o x y l i c  

a c i d   as   h e r e i n a f t e r   more   f u l l y   d e s c r i b e d .  

The  c a r b o x y l i c   a c i d   m o n o m e r   i s   p r e f e r a b l y   s e l e c t e d  

f r o m   e t h y l e n i c a l l y   u n s a t u r a t e d   m o n o -   and  p o l y - c a r b o x y l i c  

a c i d s   and   a c i d   a n h y d r i d e s   h a v i n g   f rom  3  to   8  c a r b o n   a t o m s  

p e r   m o l e c u l e   and   p a r t i a l   e s t e r s   of   s u c h   p o l y c a r b o x y l i c  

a c i d s   w h e r e   t h e   a c i d   m o i e t y   h a s   a t   l e a s t   one   c a r b o x y l i c  

a c i d   g r o u p   and  t h e   a l c o h o l   m o i e t y   h a s   f rom  one  to  20  c a r b o n  

a t o m s .   The  c o p o l y m e r   may  c o n s i s t   e s s e n t i a l l y   o f   e t h y l e n e  

and   one   or   m o r e   o f   s u c h   e t h y l e n i c a l l y   u n s a t u r a t e d   c a r -  

. b o x y l i c   a c i d s ,   or   can   a l s o   c o n t a i n   s m a l l   a m o u n t s   o f   o t h e r  

m o n o m e r s   c o p o l y m e r i z a b l e   w i t h   e t h y l e n e .   S p e c i f i c   e x a m p l e s  

of   s u i t a b l e   e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d s  

i n c l u d e   a c r y l i c   a c i d ,   m e t h a c r y l i c   a c i d ,   f u m a r i c   a c i d ,  

m a l e i c   a c i d ,   c r o t o n i c   a c i d ,   i t a c o n i c   a c i d ,   m a l e i c  

a n h y d r i d e ,   m o n o m e t h y l   m a l e a t e ,   m o n o e t h y l   m a l e a t e ,   m o n o e t h y l  

f u m a r a t e ,   m o n o e t h y l   f u m a r a t e ,   t r i p r o p y l e n e   g l y c o l ,   m o n o -  

m e t h y l   e t h e r   a c i d   m a l e a t e ,   e t h y l e n e   g l y c o l ,   m o n o p h e n y l  

e t h e r   a c i d   m a l e a t e ,   e t c .   Among  t h e s e   c a r b o x y l i c   a c i d s ,  

a c r y l i c   a c i d   i t s e l f   is  p r e f e r r e d .  

The  c o p o l y m e r s   can   be  p r e p a r e d   by  known  m e t h o d s ,   f o r  

e x a m p l e ,   by  s u b j e c t i n g   a  m i x t u r e   of   e t h y l e n e   and  an  a c r y l i c  

a c i d   to  h i g h   p r e s s u r e s   and  e l e v a t e d   t e m p e r a t u r e   in  the   p r e -  

s e n c e   of  a  s u i t a b l e   c a t a l y s t .  



T h e s e   c o p o l y m e r s   a r e   c o m m e r c i a l l y   a v a i l a b l e   f r o m  

v a r i o u s   s o u r c e s   and  c o n t a i n   v a r y i n g   a m o u n t s   of   a c r y l i c   a c i d  

r a n g i n g   f rom  a b o u t   3  p e r c e n t   to  a b o u t   20  p e r c e n t   or   h i g h e r .  
The  c o p o l y m e r s   u s e f u l   in  t h e   p r e s e n t   i n v e n t i o n   s h o u l d   h a v e  

an  a c r y l i c   a c i d   c o n t e n t   of   a t   l e a s t   a b o u t   12  p e r c e n t   a n d  

m o s t   d e s i r a b l y   a t   l e a s t   a b o u t   15  p e r c e n t ,   in  o r d e r   to  b e  

made  w a t e r   d i s p e r s i b l e .   The  c o p o l y m e r   may  be  r e n d e r e d  

w a t e r   d i s p e r s i b l e   by  r e a c t i o n   w i t h   an  a l k a l i n e   n e u t r a l i z i n g  

a g e n t ,   s u c h   as  an  a l k a l i   m e t a l   h y d r o x i d e   or   a m m o n i u m  

h y d r o x i d e .   T y p i c a l l y   t h i s   is   c a r r i e d   o u t   by  m i x i n g   t h e  

p o l y m e r   and  an  a q u e o u s   s o l u t i o n   of   t h e   a l k a l i n e   n e u t r a -  

l i z i n g   a g e n t   in  a  s u i t a b l e   r e a c t i o n   v e s s e l   f o r   2  to   3  h o u r s  

w i t h   h e a t i n g   and  s t i r r i n g .  

In  o r d e r   to  m a i n t a i n   e f f e c t i v e   a d h e s i v e   p r o p e r t i e s ,  

i t   is  i m p o r t a n t   t h a t   t h e   c o p o l y m e r   be  o n l y   p a r t i a l l y  

n e u t r a l i z e d .   By  " p a r t i a l l y   n e u t r a l i z e d "   i t   i s   m e a n t   t h a t  

t h e   c o p o l y m e r   i s   r e a c t e d   w i t h   a  s t o c h i o m e t r i c   q u a n t i t y   o f  

n e u t r a l i z i n g   a g e n t   l e s s   t h a n   t h a t   r e q u i r e d   to  r e a c t   w i t h  

a l l   of   t h e   c a r b o x y l   g r o u p s   of  t h e   c a r b o x y l i c   a c i d .   Thus  a  

p o r t i o n   of   t h e   c a r b o x y l   g r o u p s   of   t h e   c o p o l y m e r   r e m a i n  

u n r e a c t e d   and  p r e s e n t   in  t h e   c o p o l y m e r .   P r e f e r a b l y ,   t h e  

p a r t i a l l y   n e u t r a l i z e d   w a t e r   d i s p e r s i b l e   c o p o l y m e r   s h o u l d  

c o n t a i n   a t   l e a s t   2  p e r c e n t   by  w e i g h t   of   u n r e a c t e d   e t h y l e n i -  

c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d .  

W h i l e   v a r i o u s   a l k a l i n e   n e u t r a l i z i n g   a g e n t s   can  b e  

u s e d   to  r e a c t   t h e   c o p o l y m e r   and  r e n d e r   i t   w a t e r   d i s p e r -  

s i b l e ,   some  a g e n t s   h a v e   c h a r a c t e r i c s   w h i c h   r e n d e r   t h e i r   u s e  

o b j e c t i o n a b l e   in  c e r t a i n   a p p l i c a t i o n s   as  a  c a b l e   s h e a t h  

a d h e s i v e .   For   e x a m p l e ,   c o p o l y m e r s   w h i c h   h a v e   b e e n   s o l u b i -  

l i z e d   by  r e a c t i o n   w i t h   ammonium  h y d r o x i d e   e v o l v e   a m m o n i a  

gas   when  h e a t e d ,   w h i c h   is   h i g h l y   c o r r o s i v e   to  t h e   c o p p e r  

c e n t e r   c o n d u c t o r .   T r i m e t h y l a m i n e   as  a  n e u t r a l i z i n g   a g e n t  

i s   n o t   c o r r o s i v e ,   b u t   p r o d u c e s   an  u n d e s i r a b l e   f i s h y   o d o r .  

F o r   use   in  t h e   p r e s e n t   i n v e n t i o n   i t   is   p r e f e r r e d   t h a t   t h e  

c o p o l y m e r   be  r e a c t e d   w i t h   m o n o v a l e n t   m e t a l   h y d r o x i d e s ,   e . g .  

h y d r o x i d e s   of  s o d i u m ,   l i t h i u m ,   p o t a s s i u m   or  r u b i d i u m .   T h i s  



c l a s s   of   a l k a l i n e   n e u t r a l i z i n g   a g e n t   p r o d u c e s   s t a b l e  

d i s p e r s i o n s   o f   t h e   c o p o l y m e r   a d h e s i v e   w i t h o u t   u n d e s i r a b l e  

e f f e c t s   s u c h   as  t h o s e   n o t e d   a b o v e .  

EXAMPLE  1 

P r e p a r a t i o n   o f   P a r t i a l l y   N e u t r a l i z e d   A d h e s i v e  

An  a q u e o u s   d i s p e r s i o n   o f   e t h y l e n e   a c r y l i c   a c i d  

c o p o l y m e r   c o n t a i n i n g   a b o u t   4  p e r c e n t   by  w e i g h t   of   a c r y l i c  

a c i d   was  p r e p a r e d   as  f o l l o w s :  

To  1 3 2 . 5   l i t e r s   o f   w a t e r   was  a d d e d   3 . 4 5   kg  o f   s o d i u m  

h y d r o x i d e   w i t h   s t i r r i n g   to   d i s s o l v e   t h e   s o d i u m   h y d r o x i d e .  

The  s o l u t i o n   was  h e a t e d   to   180°   F.  (82°   C)  and  h e l d   a t  

t h i s   t e m p e r a t u r e   w h i l e   4 1 . 7   kg  of   e t h y l e n e   a c r y l i c   a c i d  

c o p o l y m e r   (500   m e l t   i n d e x ,   20X  a c r y l i c   a c i d )   (Dow  C h e m i c a l  

C o m p a n y   EAA  XO  2 3 7 5 . 3 0 )   was  a d d e d .   S t i r r i n g   was  m a i n t a i n e d  

f o r   a b o u t   3  h o u r s   u n t i l   a l l   o f   t h e   EAA  was  d i s p e r s e d   in  t h e  

w a t e r .   The  mix   was  t h e n   c o o l e d .   F i v e   m i l l i l i t e r s   o f   a n  

a n t i f o a m   a g e n t   (BYK-W  a n t i f o a m   a v a i l a b l e   f rom  M a l l i n c k r o d t  

Chem  was  a d d e d   w i t h   s t i r r i n g   and  t h e   m i x t u r e   was  f i l t e r e d  

t h r o u g h   f i n e   c h e e s e c l o t h .  

EXAMPLE  2 

A p p l i c a t i o n   o f   A d h e s i v e  

An  a r r a n g e m e n t   o f   a p p a r a t u s   s i m i l a r   to   t h a t   shown  i n  

t h e   d r a w i n g   i s   u s e d   f o r   p r o d u c i n g   a  c o a x i a l   c a b l e   w i t h   t h e  

s h e a t h   a d h e s i v e l y   b o n d e d   to  t h e   c o r e .   The  a q u e o u s   a d h e s i v e  

d i s p e r s i o n   p r e p a r e d   in  E x a m p l e   1  i s   p l a c e d   in  an  o p e n  

t r o u g h   20  a t   t h e   d i s c h a r g e   end  of   an  e x t r u s i o n   a p p a r a t u s  
2 1 .  

A  c o n t i n u o u s   c o p p e r   c e n t e r   c o n d u c t o r   i s   d i r e c t e d  

t h r o u g h   t h e   e x t r u s i o n   a p p a r a t u s   21  and  a  f o a m a b l e   p o l y o l e -  

f i n   p o l y m e r   is   c o e x t r u d e d   a r o u n d   t h e   c e n t e r   c o n d u c t o r   11 

and   a l l o w e d   to  e x p a n d   to   f o rm  a  c a b l e   c o r e   c o m p r i s e d   of  t h e  

c o p p e r   c e n t e r   c o n d u c t o r   w i t h   a  s u r r o u n d i n g   foam  d i e l e c t r i c .  

T h i s   c a b l e   c o r e   is   d i r e c t e d   i n t o   t h e   t r o u g h   20  w h e r e   t h e  

c e l l u l a r   foam  m a t e r i a l   i s   c o o l e d   and  a l l o w e d   to  h a r d e n   w h i l e  

s i m u l t a n e o u s l y   a  c o a t i n g   of   t h e   a q u e o u s   a d h e s i v e   c o m p o s i t i o n  

i s   a p p l i e d   to  t h e   c e l l u l a r   f o a m .   Upon  l e a v i n g   the   t r o u g h  



t h e   h e a t   of   t h e   c e l l u l a r   foam  p a r t i a l l y   d r i e s   t h e   a d h e s i v e .  

The  a d h e s i v e   c o a t e d   c o r e   i s   d i r e c t e d   t h r o u g h   a  h e a t e d   t u n -  

n e l   22  to  c o m p l e t e   t h e   d r y i n g   o f   t h e   a d h e s i v e ,   l e a v i n g   a  

t h i n   a d h e s i v e   c o a t i n g   ( a b o u t   . 0 0 2 5 4   to   . 0 2 5 4   mm  t h i c k n e s s )  

on  t h e   o u t e r   s u r f a c e   of   t h e   foam  d i e l e c t r i c .   The  a d h e s i v e  

c o a t e d   c o r e   i s   t h e n   d i r e c t e d   t h r o u g h   a  c o o l i n g   c h a m b e r   2 3 .  

A  n a r r o w   s t r i p   of   a l u m i n u m   is   d i r e c t e d   f rom  a  r e e l   2 4  

and  i s   f o r m e d   i n t o   a  t u b u l a r   s h e a t h   s u r r o u n d i n g   t h e  

foam  d i e l e c t r i c .   The  s t r i p   of   a l u m i n u m   t h e n   a d v a n c e s  

t h r o u g h   a  w e l d i n g   a p p a r a t u s   25  and  t h e   o p p o s i n g   s i d e  

e d g e s   of   t h e   s t r i p   a r e   p o s i t i o n e d   i n t o   b u t t i n g   r e l a -  

t i o n s h i p   and  j o i n e d   t o g e t h e r   by  a  c o n t i n u o u s   l o n g i t u -  

d i n a l   w e l d .   The  a s s e m b l y   t h e n   p a s s e s   t h r o u g h   a  r e d u c -  

t i o n   d i e   26  w h e r e   t h e  t u b u l a r   a l u m i n u m   s h e a t h   i s  -  

r e d u c e d   in  d i a m e t e r   and  b r o u g h t   i n t o   c l o s e   snug   r e l a -  

t i o n s h i p   w i t h   t h e   d i e l e c t r i c .   The  a s s e m b l y   t h e n  

p a s s e s   t h r o u g h   an  e x t r u s i o n   c o a t i n g   a p p a r a t u s   27  w h e r e   a  

h e a t e d   f l u e n t   c o a t i n g   m a t e r i a l   i s   e x t r u d e d   t h e r e a r o u n d   t o  

fo rm  a  p r o t e c t i v e   o u t e r   j a c k e t .   The  h e a t   of   t h e   c o a t i n g  

c o m p o s i t i o n   a l s o   s e r v e s   to  a c t i v a t e   t h e   t h e r m o p l a s t i c   EAA 

a d h e s i v e   c o a t i n g   and  to  fo rm  a  b o n d   b e t w e e n   t h e   s h e a t h  

and  t he   o u t e r   s u r f a c e   of  t h e   d i e l e c t r i c .  

In  t h e   f o r e g o i n g   s p e c i f i c a t i o n   and  e x a m p l e s  

t h e r e   has   b e e n   s e t   f o r t h   a  p r e f e r r e d   e m b o d i m e n t   of   t h e  

i n v e n t i o n ,   b u t   i t   is   to  be  u n d e r s t o o d   t h a t   t h e  

i n v e n t i o n   is   n o t   l i m i t e d   t h e r e t o   and  may  be  e m b o d i e d  

and  p r a c t i c e d   in  o t h e r   ways  w i t h i n   t h e   s c o p e   of   t h e  

f o l l o w i n g   c l a i m s .  



1.  An  e l e c t r i c a l   c a b l e   c o m p r i s i n g   a  c o r e   h a v i n g   a t  

l e a s t   one   i n n e r   c o n d u c t o r   s u r r o u n d e d   by  a  d i e l e c t r i c  

m a t e r i a l ,   a  m e t a l l i c   s h e a t h   s u r r o u n d i n g   s a i d   c o r e ,   and  a n  

a d h e s i v e   b o n d i n g   s a i d   m e t a l l i c   s h e a t h   to  s a i d   c o r e ,   c h a r a c -  

t e r i z e d   in  t h a t   s a i d   a d h e s i v e   c o m p r i s e s   a  w a t e r   d i s p e r s i b l e  

c o p o l y m e r   o f   e t h y l e n e   and   an  e t h y l e n i c a l l y   u n s a t u r a t e d  

c a r b o x y l i c   a c i d   f o r m i n g   a  t h i n   f i l m   b e t w e e n   s a i d   m e t a l l i c  

s h e a t h   and  s a i d   c o r e .  

2.  A  c a b l e   a c c o r d i n g   to  C l a i m   1  w h e r e i n   s a i d   t h i n  

f i l m   of   a d h e s i v e   has   a  t h i c k n e s s   no  g r e a t e r   t h a n   a b o u t  

. 0 2 5 4   mm. 

3.  A  c a b l e   a c c o r d i n g   to   C l a i m   1  w h e r e i n   s a i d  

d i e l e c t r i c   m a t e r i a l   c o m p r i s e s   a  foam  p l a s t i c   m a t e r i a l   a n d  

s a i d   m e t a l l i c   s h e a t h   c o m p r i s e s   a  l o n g i t u d i n a l l y   w e l d e d  

m e t a l   t u b e .  

4.  A  c a b l e   a c c o r d i n g   to  C l a i m   1  w h e r e i n   s a i d  

d i e l e c t r i c   m a t e r i a l   c o m p r i s e s   a  foam  p l a s t i c   m a t e r i a l   a n d  

s a i d   m e t a l l i c   s h e a t h   c o m p r i s e s   an  e x t r u d e d   s e a m l e s s   m e t a l  

t u b e .  

5.  A  c a b l e   a c c o r d i n g   to   C l a i m   1  w h e r e i n   s a i d  

d i e l e c t r i c   m a t e r i a l   c o m p r i s e s   a  foam  p l a s t i c   m a t e r i a l   a n d  

s a i d   m e t a l l i c   s h e a t h   c o m p r i s e s   a  m e t a l   s t r i p   w r a p p e d   a b o u t  

s a i d   c o r e .  

6.  A  c a b l e   a c c o r d i n g   to  C l a i m   1  w h e r e i n   s a i d   c o p o -  

l y m e r   i s   r e n d e r e d   w a t e r   d i s p e r s i b l e   by  p a r t i a l   n e u t r a l i z a -  

t i o n   o f   t h e   e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d ,   a n d  

w h e r e i n   a  p o r t i o n   of   s a i d   c a r b o x y l i c   a c i d   is  u n r e a c t e d   t o  

p r o v i d e   c a r b o x y l   g r o u p s   p r e s e n t   in  t h e   a d h e s i v e   f o r  

e f f e c t i n g   b o n d i n g   b e t w e e n   s a i d   m e t a l l i c   o u t e r   c o n d u c t o r   a n d  

s a i d   c o r e .  



7.  A  c a b l e   a c c o r d i n g   to  C l a i m   6  w h e r e i n   t h e   e t h y l e -  

n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d   is  p a r t i a l l y   n e u t r a -  

l i z e d   by  r e a c t i o n   w i t h   a  m o n o v a l e n t   m e t a l   h y d r o x i d e .  

8.  A  c a b l e   a c c o r d i n g   to  C l a i m   6  w h e r e i n   t h e   c o p o -  

l y m e r   c o n t a i n s   a t   l e a s t   2  p e r c e n t   by  w e i g h t   o f   u n r e a c t e d  

e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d .  

9.  A  c a b l e   a c c o r d i n g   to   C l a i m   1  w h e r e i n   t h e   a d h e -  

s i v e   c o m p r i s e s   an  e t h y l e n e   a c r y l i c   a c i d   c o p o l y m e r   c o n -  

t a i n i n g   a t   l e a s t   15  p e r c e n t   by  w e i g h t   a c r y l i c   a c i d   p a r -  

t i a l l y   n e u t r a l i z e d   w i t h   a  m o n o v a l e n t   m e t a l   h y d r o x i d e .  

10 .   An  e l e c t r i c a l   c a b l e   c o m p r i s i n g   a  c o r e   h a v i n g   a t  

l e a s t   one   i n n e r   c o n d u c t o r   and  a  foam  d i e l e c t r i c   s u r r o u n d i n g  

s a i d   a t   l e a s t   one  i n n e r   c o n d u c t o r ,   a  m e t a l l i c   s h e a t h  

s u r r o u n d i n g   s a i d   c o r e ,   and  an  a d h e s i v e   b o n d i n g   s a i d  

m e t a l l i c   s h e a t h   to  s a i d   c o r e ,   c h a r a c t e r i z e d   i n  t h a t   s a i d  

a d h e s i v e   c o m p r i s e s   a  c o p o l y m e r   of   e t h y l e n e   and  a c r y l i c   a c i d  

c o n t a i n i n g   a t   l e a s t   15  p e r c e n t   by  w e i g h t   a c r y l i c   a c i d ,   w i t h  

a  p o r t i o n   o f   t h e   a c r y l i c   a c i d   b e i n g   n e u t r a l i z e d   to  r e n d e r  

t h e   c o p o l y m e r   w a t e r   d i s p e r s i b l e ,   and  w i t h   a t   l e a s t   2  p e r -  

c e n t   of   t h e   a c r y l i c   a c i d   b e i n g   u n r e a c t e d   to   p r o v i d e   c a r -  

b o x y l   g r o u p s   p r e s e n t   in  t h e   a d h e s i v e   f o r   e f f e c t i n g   b o n d i n g  

b e t w e e n   s a i d   m e t a l l i c   s h e a t h   and  s a i d   c o r e .  

11 .   A  m e t h o d   of   p r o d u c i n g   an  e l e c t r i c a l   c a b l e  

h a v i n g   a  c o r e   w i t h   a t   l e a s t   one  i n n e r   c o n d u c t o r   s u r r o u n d e d  

by  a  d i e l e c t r i c   m a t e r i a l   and  a  m e t a l l i c   s h e a t h   s u r r o u n d i n g  

t he   c o r e   and  a d h e s i v e l y   b o n d e d   t h e r e t o ,   c h a r a c t e r i z e d   b y  

a p p l y i n g   to  a t   l e a s t   one  of   t h e   c o r e   or  t h e   m e t a l l i c   s h e a t h  

an  a d h e s i v e   c o m p o s i t i o n   c o m p r i s i n g   an  a q u e o u s   d i s p e r s i o n   o f  

a  c o p o l y m e r   of   e t h y l e n e   and  an  e t h y l e n i c a l l y   u n s a t u r a t e d  

c a r b o x y l i c   a c i d   to  form  a  t h i n   a d h e s i v e   c o a t i n g   t h e r e o n ,  

a s s e m b l i n g   t h e   c o r e   and  t h e   m e t a l l i c   s h e a t h   in  c o n t a c t   w i t h  

one  a n o t h e r   w i t h   t he   t h i n   a d h e s i v e   c o a t i n g   a t   t h e   i n t e r f a c e  

t h e r e b e t w e e n ,   and  h e a t i n g   the   a s s e m b l y   to  a c t i v a t e   t h e  

a d h e s i v e   to  bond   t he   c o r e   and  the   m e t a l l i c   s h e a t h .  



12.   A  m e t h o d   a c c o r d i n g   to   C l a i m   11  w h e r e i n   t h e   s t e p  
o f   a s s e m b l i n g   t h e   c o r e   and  t h e   m e t a l l i c   s h e a t h   c o m p r i s e s  

f o r m i n g   a  m e t a l   s t r i p   l o n g i t u d i n a l l y   a r o u n d   t h e   c o r e   t o  

p r o d u c e   a  l o n g i t u d i n a l   seam  and  w e l d i n g   t h e   l o n g i t u d i n a l  

s e a m ,   and  w h e r e i n   s a i d   a q u e o u s   d i s p e r s i o n   i s   a p p l i e d   to  t h e  

c o r e   p r i o r   to   f o r m i n g   o f   t h e   m e t a l l i c   s t r i p   t h e r e a r o u n d .  

13.   A  m e t h o d   a c c o r d i n g   to   C l a i m   11  w h e r e i n   t h e   s t e p  
o f   a s s e m b l i n g   t h e   c o r e   and  t h e   m e t a l l i c   s h e a t h   c o m p r i s e s  

d r a w i n g   t h e   c o r e   l o n g i t u d i n a l l y   i n t o   a  s e a m l e s s   m e t a l   t u b e ,  

and   w h e r e i n   s a i d   a q u e o u s   d i s p e r s o n   is   a p p l i e d   to   t h e   c o r e  

p r i o r   to   i t s   b e i n g   p o s i t i o n e d   w i t h i n   t h e   m e t a l   t u b e .  

14 .   A  m e t h o d   a c c o r d i n g   to   C l a i m   11  w h e r e i n   t h e  

e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d   of   s a i d   c o p o l y m e r  

i s   p a r t i a l l y   n e u t r a l i z e d   and  a  p o r t i o n   t h e r e o f   i s   u n r e a c t e d  

to   p r o v i d e   c a r b o x y l   g r o u p s   p r e s e n t   in  t h e   c o p o l y m e r   f o r  

e f f e c t i n g   b o n d i n g   b e t w e e n   t h e   m e t a l l i c   s h e a t h   and  t h e  

d i e l e c t r i c .  

15 .   A  m e t h o d   a c c o r d i n g   to   C l a i m   14  w h e r e i n   t h e  

c o p o l y m e r   c o n t a i n s   a t   l e a s t   2  p e r c e n t   by  w e i g h t   o f  

u n r e a c t e d   e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d .  

16 .   A  m e t h o d   o f   p r o d u c i n g   an  e l e c t r i c a l   c a b l e  

h a v i n g   a  c o r e   w i t h   a t   l e a s t   one  i n n e r   c o n d u c t o r   s u r r o u n d e d  

by  a  foam  d i e l e c t r i c ,   and  a  m e t a l l i c   s h e a t h   s u r r o u n d i n g  

s a i d   c o r e   and   a d h e s i v e l y   b o n d e d   t h e r e t o ,   c h a r a c t e r i z e d   b y  

a p p l y i n g   to   a t   l e a s t   one   o f   t h e   c o r e   or   t h e   m e t a l l i c   s h e a t h  

an  a d h e s i v e   c o m p o s i t i o n   c o m p r i s i n g   an  a q u e o u s   d i s p e r s i o n   o f  

an  e t h y l e n e   a c r y l i c   a c i d   c o p o l y m e r   c o n t a i n i n g   a t   l e a s t   15  

p e r c e n t   by  w e i g h t   a c r y l i c   a c i d ,   w i t h   a  p o r t i o n   of   t h e  

a c r y l i c   a c i d   b e i n g   n e u t r a l i z e d   to   r e n d e r   t h e   c o p o l y m e r  

w a t e r   d i s p e r s i b l e   and  w i t h   a t   l e a s t   2  p e r c e n t   of   t h e   a c r y -  
l i c   a c i d   b e i n g   u n r e a c t e d   to  p r o v i d e   c a r b o x y l   g r o u p s   p r e s e n t  

in   t h e   a d h e s i v e   f o r   e f f e c t i n g   b o n d i n g ,   a s s e m b l i n g   t h e   f o a m  



d i e l e c t r i c   and  t h e   m e t a l l i c   s h e a t h   in  c o n t a c t   w i t h   o n e  

a n o t h e r   w i t h   t h e   a d h e s i v e   a t   t he   i n t e r f a c e   t h e r e b e t w e e n ,  

and  h e a t i n g   t h e   t h u s   f o r m e d   a s s e m b l y   to  a c t i v a t e   t h e   a d h e -  

s i v e   to   bond   t h e   foam  d i e l e c t r i c   and  t h e   m e t a l l i c   s h e a t h .  

17.   A  m e t h o d   of   p r o d u c i n g   an  e l e c t r i c a l   c a b l e   c o m -  

p r i s i n g   f o r m i n g   a  c o r e   by  a d v a n c i n g   a t   l e a s t   one   c o n d u c t o r  

t h r o u g h   an  e x t r u d e r   w h i l e   e x t r u d i n g   a  foam  p l a s t i c  

d i e l e c t r i c   m a t e r i a l   t h e r e a r o u n d ,   d i r e c t i n g   t h e   t h u s   f o r m e d  

c o r e   t h r o u g h   an  a d h e s i v e   b a t h   c o n t a i n i n g   an  a q u e o u s   d i s p e r -  

s i o n   o f   a  c o p o l y m e r   of   e t h y l e n e   and  an  e t h y l e n i c a l l y   u n s a -  

t u r a t e d   c a r b o x y l i c   a c i d   to   fo rm  a  t h i n   a d h e s i v e   c o a t i n g   o n  

t h e   c o r e ,   s u r r o u n d i n g   t h e   c o r e   w i t h   a  m e t a l l i c   s h e a t h ,   a n d  

h e a t i n g   t he   a d h e s i v e   c o a t i n g   to  e f f e c t   b o n d i n g   of   t h e   c o r e  

to   t h e   m e t a l l i c   s h e a t h .  

18 .   An  a d h e s i v e   c o m p o s i t i o n   c o m p r i s i n g   a  s t a b l e  

a q u e o u s   d i s p e r s i o n   o f   a  c o p o l y m e r   o f   e t h y l e n e   and  an  e t h y -  

l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d   p a r t i a l l y   n e u t r a l i z e d  

by  r e a c t i o n   w i t h   a  m o n o v a l e n t   m e t a l   h y d r o x i d e .  

19.   An  a d h e s i v e   c o m p o s i t i o n   a c c o r d i n g   to  C l a i m   1 8  

w h e r e i n   s a i d   c o p o l y m e r   c o n t a i n s   a t   l e a s t   2  p e r c e n t   b y  

w e i g h t   of   u n r e a c t e d   e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c  

a c i d .  

20 .   An  a d h e s i v e   c o m p o s i t i o n   a c c o r d i n g   to  C l a i m   19  

w h e r e i n   t h e   c o p o l y m e r   c o n t a i n s   a t   l e a s t   12  p e r c e n t   b y  

w e i g h t   of  s a i d   e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d .  

21.   An  a d h e s i v e   c o m p o s i t i o n   a c c o r d i n g   to  C l a i m   18  

a d d i t i o n a l l y   c o m p r i s i n g   an  a n t i f o a m   a g e n t .  



22 .   An  a d h e s i v e   c o m p o s i t i o n   c o m p r i s i n g   a  s t a b l e  

a q u e o u s   d i s p e r s i o n   of   an  e t h y l e n e   a c r y l i c   a c i d   c o p o l y m e r  

c o n t a i n i n g   a t   l e a s t   15  p e r c e n t   by  w e i g h t   a c r y l i c   a c i d   p a r -  

t i a l l y   n e u t r a l i z e d   w i t h   a  m o n o v a l e n t   m e t a l   h y d r o x i d e ,   w i t h  

a t   l e a s t   2  p e r c e n t   o f   t h e   a c r y l i c   a c i d   b e i n g   u n r e a c t e d   t o  

p r o v i d e   c a r b o x y l   g r o u p s   p r e s e n t   in   t h e   a d h e s i v e   f o r  

e f f e c t i n g   b o n d i n g .  
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